Abstract-Triethylammonium fluorochromate (TEAFC) and Triethylammonium chlorochromate (TEACC) are new efficient reagents, which are prepared easily and oxidized thiols to the corresponding disulfides swiftly. The reactions perform cleanly and terminate simultaneously at the disulfide stage without any side products. Oxidizing of some thiols to their corresponding disulfides was studied in solution at room temperature and under microwave radiation. The easy procedure, simple work-up, short reaction times, and excellent yields are advantages of these reagents.
I. INTRODUCTION
Oxidative coupling of thiols to disulfides is an important process in organic chemistry and biochemistry, which has been extensively investigated over the years. Disulfide bond formation is important in peptides and bioactive molecules. Disulfides are also key intermediates in a wide variety of organic synthetic processes. Sweetening of catalyst poisons thiols to low volatile disulfides in oil industries and also industrial applications of disulfides in vulcanization of rubbers and elastomers led us to investigate the introduction and applications of new member of this category of reagents in oxidation of thiols to the corresponding disulfides. This conversion has been accomplished using reagents such as molecular oxygen, [1] metal ions, [2] Bu3SnOMe/FeCl3, [3] nitric oxide, [4] halogens, [5] [6] [7] sodium perborate, [8] borohydride exchange resin (BER)-transition metal salt system, [9] a morpholine iodine complex, [10] pyridinium chlorochromate (PCC), [11] ammonium persulfate, [12] KMnO4 / CuSO4, [13] and Tributylammonium Halochromates [14] . There are some disadvantages in these reagents such as availability of the reagent, cumbersome procedure, high cost of the reagent, over oxidation or oxidation of other functional groups presented in thiols. Synthesize disulfides from the corresponding thiols under mild reaction conditions using new efficient reagent is desirable. These reactions are interested from an ecological viewpoint, high yield, selectivity and simplicity of the reaction procedure. 
A. Synthesis of Triethylammonium Fluorochromate (TEAFC), (C2H5)3NH+[CrO3F]-
A 10g (100 mmol) sample of chromium (VI) oxide, CrO 3 , and 9ml (200 mmol) of 40% hydrofluoric acid were added to 20 ml of water in a 100 ml polyethylene beaker with stirring. After 5-7 min the homogeneous solution was cooled to ca. 0-2 °C. To the resultant clear orange solution, triethylamine (14ml, 100 mmol) was added dropwise with stirring to this solution over a period of 0.5 h and stirring was continued for 0.5 h at -4 °C. The precipitated yellowish-orange solid was isolated by filtration on a polyethylene funnel, washed with petroleum ether (3 × 60 ml) and dried in vacuum for 2 h at room temperature. 
C. General procedure for oxidative coupling of thiols in dichloromethane
To a stirred Solution of 4-methylthiophenol (0.248 g, 2 mmol) in 5 ml of dichloromethane, 1 mmol of TEAFC or TEACC was added, and the mixture was stirred at room temperature for the time indicated in the Table 1,2. A solid was formed and was treated with a 1:1 mixture of ether and water (2 ml). The reaction mixture was extracted with ether (3 × 10 ml). The organic layers were combined together and dried over anhydrous MgSO 4 . Evaporation of the solvent followed by recrystallization or chromatography on silica gel afforded the pure disulfides in the yield indicated in the table, which characterized from its NMR and IR spectrum mp 45°C (Lit. [15] mp 45-46 °C).
D. General procedure for oxidative coupling of thiols under microwave irradiations
To a stirred suspension of Triethylammonium halochromate, (1mmol) in dichloromethane (generally 5 ml), a solution of the substrate in the minimum amount of dichloromethane was added drop wise, the molar ratio of substrate to the oxidant being 1:2. The mixture was irradiated for the time indicated in the table by microwave radiation. The completion of the reaction is followed by UV/Visible and TLC using ether/petroleum ether (60/40) as eluant. The mixture was diluted with ether (1:1 vol/vol) and filtered through a short column of silica gel to give a clear solution.
The solution was evaporated and the residual product purified by distillation, recrystallization or column chromatography. The progress of the reactions was also monitored and checked by UV/Visible spectrophotometry. The amount of the oxidant during the reaction was measured spectrophotometrically at 348 nm and 355 nm for TEAFC and TEACC respectively. A very small magnetic stirrer was designed at the cell (10 mm quartz cell) compartment just in the bottom of sample cell in the spectrophotometer to stir up the solution under study in cell. The reaction mixtures remained homogenous in the solvent system used. The characteristic data for all new products are similar to same compounds that produced from other methods. [16] III. RESULTS AND DISCUSSION The oxidative couplings of thiols by TEAFC and TEACC were investigated in dichloromethane at room temperature and under microwave radiation. As it is shown in table 1 and 2, a series of aliphatic and aromatic thiols were reacted with the reagents with a mole ratio of 2/1 and the corresponding disulfides were obtained with excellent yields. These oxidations were also performed under microwave radiation with the same mole ratios. The results show that under microwave radiation, the reactions are faster.
The practical choice is oriented by the solubility of the products and the desired reaction temperature. The chromium (VI) contents easily determined iodometrically. It seemed from the table 1 that TEAFC were more effective than TEACC for saturated organic thiols (1-8) especially in time of the reaction. This is probably according to higher electro negativity of fluore atom in TEAFC than TEACC. [18] As may be seen, the method offers a simple, mild, and efficient solid state route for the oxidation of a variety of thiols to the corresponding disulfides. Notably, disulfides did not undergo further oxidation to their corresponding disulfide S-oxides (thiolsulfinates), disulfide S-dioxides (thiolsulfonates), and/or sulfonic acids under the reaction conditions. It must also be noted that no severe exothermal or other safety problems were observed during the mixing of the starting materials and the reactions themselves.
Thus, the said oxidative method under mild conditions has set out to minimize the dispersion of offensive materials in the environment and maximize the use of renewable resources. From this standpoint this method can be considered as a relatively green technology having more advantages and wider applicability compared to the conventional oxidative reagents. (See table 1 and 2) The yields of the products are, in general, good. In some cases, lower yields were obtained as the loss of the products could not be avoided during the isolation process due to highly volatile nature of the products. Sometimes the products were contaminated (as detected by 1H NMR) with starting materials after initial isolation, which were further purified by filtration chromatography over a short plug of silica gel or neutral silica using hexane as eluent. Some unidentified by-products were formed (to the extent of nearly 10% by 1H NMR) in a few cases which were removed by column chromatography. It is important to emphasize that the reactions could be terminated simultaneously at the disulfide stage. (See table 1, 2) Over-oxidation has not been observed, even though the reactions were carried out various conditions. (Scheme 1.) SH TEAXC (X = F , Cl) mw / rt S S
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IV. CONCLUSIONS In conclusion, we described a highly efficient microwaveinduced modification of conventional heating procedure for the oxidation of thiols that allows for the rapid synthesis of disulfides. The advantages of this environmentally benign and safe protocol, included a simple reaction set-up, application of commercially available quaternary ammonium salts and catalysts, high product yields, short reaction time as well as the elimination of side products.
